Objective: To compare the acoustic parameters and the cost effectiveness achieved after endoscopic cordectomy using radiofrequency microdissection electrodes (ECRM) with those of transoral laser cordectomy and radiotherapy. Methods: The study included 81 disease-free patients previously treated for early larynx carcinoma (30 with ECRM, 27 with transoral laser cordectomy, 24 with primary radiotherapy). Post-treatment voice analysis was performed in all patients. Additionally, the cost effectiveness of all treatment procedures was calculated. Results: The GRBAS (G: Grade, R: Roughness, B: Breathiness, A: Asthenia, and S: Strain) scale showed a significant difference between the groups (p<0.001).
mer and fundamental frequency (F0) were significantly different in the radiotherapy group than the ECRM and the transoral laser cordectomy groups (p<0.05). Maximum phonation time (MPT) in the radiotherapy group was significantly longer than the ECRM and transoral laser cordectomy groups (p<0.001). There were no significant differences between the ECRM group and the transoral laser cordectomy group in terms of the MPT (p>0.05). The mean cost of the ECRM technique was statistically lower than the other treatment techniques (p<0.05). Moreover, the length of hospital stay after ECRM was statistically significantly shorter than was after laser cordectomy (p<0.05).
Conclusion:
Objective and perceptive voice analysis after ECRM showed comparable results with transoral laser cordectomy, but poorer results than radiotherapy. Cost effectiveness of ECRM was found to be better than the other two treatment techniques Keywords: Early laryngeal cancer, voice quality, radiofrequency ablation, cost effectiveness
Introduction
Laryngeal cancer is the most common head and neck cancer with 75% of cases confined to the glottic level (1) . While there are variations in the definition of early glottic cancers given in the literature, the most commonly used definition is the early T stage, such as T1 and T2 (1) . Laryngofissure cordectomy, transoral laser surgery and external beam radiotherapy are the treatment modalities of early glottic laryngeal cancers.
Many studies have evaluated the best approach to management of early glottic cancers. Debate continues on the advantages and disadvantages of each modality in terms of local control, laryngeal preservation, survival, functional outcome, and medical costs (2) .
Since radiotherapy and transoral laser surgery have become the main treatment methods for early glottic carcinoma, many reports have been published on the optimal therapy for this disease. For superficial midcord T1a lesions, evidence suggest that both modalities have comparable control rates and voice outcomes (3, 4) . The choice should be based on the preferences of the patient and the clinician, the patient's overall medical condition, and the current health economic environment, the cost of the treatment (1, 5).
Endoscopic transoral laser surgery with CO 2 laser is widely used. As an alternative to CO 2 laser, endoscopic cordectomy using radiofrequency microdissection electrodes (ECRM) has been defined by Basterra et al. (5) in 2006. The basic principle of this surgical procedure is the application of electrical current with a hard, small and focused metal (with the tip of the micro-electrode) (6) . In their various publications Basterra et al. (5) (6) (7) have shown this surgery to be a useful, inexpensive alternative to CO 2 lasers, with much simpler equipment for the treatment of glottic and selected supraglottic tumors. They also demonstrated that vocal cord tissue damage was similar in both laser cordectomy and microdissection electrode cordectomy (6) .
In our study, we aimed to compare the functional outcomes and the cost effectiveness of ECRM, transoral laser cordectomy, and radiotherapy, which are three different treatment modalities in early glottic cancer cases. To our knowledge, no study in English literature has previously compared the outcomes of this method with transoral laser cordectomy and radiotherapy in the treatment of early glottic cancers.
Methods

Patients
In the ECRM group, records of patients with T1a glottic cancer treated at the University of Health Sciences, Ümrani-ye Training and Research Hospital Otolaryngology Clinic between January 2013 and January 2017 were reviewed. Of these patients, those with recurrent or residual disease were excluded. Forty-four patients were eligible for inclusion in the study. Patients were contacted and asked to participate in this study to which 30 agreed.
Between December 2013 and November 2017, patients with single midcord lesions that did not extend to the anterior commissure (early glottic cancer [T1a]) were primarily offered transoral laser cordectomy at the University of Health Sciences, İs-tanbul Training and Research Hospital Otolaryngology Clinic. Forty-nine patients patients were eligible for inclusion in the study. Patients were contacted and asked to participate in this study to which 27 agreed.
In the radiotherapy group, records of patients with T1a glottic cancer treated at the University of Health Sciences, Kartal Lütfi Kırdar Training and Research Radiation Oncology Clinic between January 2012 and January 2016 were reviewed. Patients in whom the extent of the tumor could not be retrospectively determined and those with recurrent or residual disease were excluded. Forty patients were eligible for inclusion in the study. Patients were contacted and asked to participate in this study to which 24 agreed.
All patients had biopsy results for squamous cell carcinoma. The study protocol was reviewed and approved by the Ethics Committee (reference number 7389, approval date 11.05.15). Informed consent form was obtained from patients who participated in this study.
Treatment Procedures Endoscopic Cordectomy Using Radiofrequency Microelectrodes (ECRM):
The surgical procedure was performed with direct suspension laryngoscopy. Tissue resection was performed using a 21-cm-long radiofrequency Arrowtip TM tungsten monopolar needle with a straight and/or 90° and 180° angle tip and "CURIS ®"
Radiofrequency Generator (Sutter Medizintechnik, Freiburg, Germany). The generator was adjusted to a power of 15-25 watts and to the "CUT1" monopolar cutting mode, depending on the response of the electrode to the tissue. Resection was performed as described by Basterra et al. (5, 7) and can be summarized as follows: The false vocal cord on the side of the tumor was clamped with forceps and resected with a 180°-angle microelectrode. Resection of the vocal cord was performed using either the same or the 90° microelectrode by an anteroposterior deep section over the lateral limit of the vocal cord, followed by up-down sections, first one in the anterior commissure, second one in its attachment into the vocal process of the arytenoid cartilage. Endoscopic cordectomy using radiofrequency microelectrodes surgery corresponded to type 3 cordectomy (transmuscular cordectomy) according to European Laryngeal Society (ELS) classification (8) .
Transoral Laser Cordectomy:
Patients who underwent transoral laser cordectomy were hospitalized one day before the operation in order to complete the official purchase order procedures for the laser equipment consumables. Endoscopic cordectomies were performed under general endotracheal anesthesia with Sharplan Lumenis 40C CO 2 laser (Sharplan Lasers Inc., London, UK). The Carl Zeiss Surgical OPMI Sensera optical microscope (Carl Zeiss Meditec Inc., Dublin, CA, USA) was used to perform this procedure.
External Beam Radiotherapy:
The therapy was carried out using a 6 MV photons linear accelerator to bilateral ports and one in front, with field sizes ranging from 5x5 to 6x6 cm. The radiation dose for treatment of T1 glottic carcinoma was 65-70 Gy (2.0 Gy per fraction). The average duration of radiotherapy was 33±2 days.
Assessment of Voice Quality and Function
Recordings of speech and voice analyzes were made in a soundproof room. During recording, the distance between the microphone (Dynamic Rode® NT1; Rode, Sydney, Australia) and the mouth was at least 20 cm. The speech recording for perceptual analysis consisted of a phonetically balanced Turkish text ( Jale'nin Dünyası [ Jale's World]) which was read by each subject in normal tone and recorded. Approximately 3 seconds / a / phonem was recorded for acoustic analysis. In addition, the longest / a / phoneme recorded after deep inspiration was taken to calculate the Aerodynamic voice analysis (maximum phonation time). 
Perceptual analysis GRBAS (G: Grade
Cost-effectiveness analysis
For cost-effectiveness analysis, biopsy-and treatment-costs were calculated for every patient. Costs were obtained from the hospital database after the biopsies and the surgical procedures of the ECRM and transoral laser cordectomy groups. Total hospitalization times for each of the two treatment approaches were calculated. Additionally, treatment costs of patients undergoing primary radiotherapy were obtained from the hospital database after their biopsy and outpatient treatment. All treatment costs were calculated with the US Dollar/Turkish Lira exchange rate applicable at the time of treatment. Treatment costs of all groups were compared with statistical analysis methods.
Statistical Analysis
The differences between the groups for the statistical analysis of this study were calculated with the Statistical Package for So- 
Results
Characteristics of the patients included in the three groups are listed in Table 1 . The groups were similar with respect to sex, age and recurrence status.
Perceptual analysis (GRBAS score)
The mean scores for the perceptive assessment of the voice quality on the basis of the GRBAS scale showed a significant difference between the groups, as presented in Table 2 (p<0.001).
The mean values for all parameters were significantly lower in the radiotherapy group than the ECRM and the transoral laser cordectomy groups (p<0.01); however, there were no significant differences between the ECRM group and the transoral laser cordectomy group in terms of any of the parameters (p>0.05 for all).
Acoustic analysis
The findings of the acoustic analysis (comparison of the mean fundamental frequencies (F0 in Hertz [Hz]), percentage of jitter, and percentage of shimmer) in all groups are given in Table 3 .
When the acoustic parameters of the three groups were compared, statistically significant differences were found in all parameters between the radiotherapy group and the other treatment procedure groups (p<0.05).
Aerodynamic efficiency analysis
Maximum phonation times (MPT) found in all groups are shown in Table 3 . In the radiotherapy group MPT was significantly higher than in the ECRM and the transoral laser cordectomy groups (p<0.001). There was no significant difference between the ECRM group and the transoral laser cordectomy group in terms of the MPT (p>0.05). 
Cost-Effectiveness
The mean cost of the procedures were as follows; $767.85±308.83 for ECRM, $1.086.95±250.22 for transoral laser cordectomy, and $1.350±250.22 for radiotherapy ( Figure 1 ). The mean cost of ECRM was significantly lower than radiotherapy and transoral laser cordectomy (p<0.05 for both). The length of hospital stay after ECRM was 1.46±0.5 days. The length of hospital stay after transoral laser cordectomy was 2.4±0.57 days. The length of hospital stay after ECRM was found statistically significantly shorter than after transoral laser cordectomy (p<0.05). The mean duration of treatment for radiotherapy was 32.1±1.7 days.
Discussion
The selection criteria of treatment modalities for early glottic cancers include post-treatment voice quality, cure rate, larynx preservation rate, morbidity, and treatment cost (1). In our study, which included 81 patients with T1a glottic squamous cell carcinomas, we demonstrated that the functional outcome of ECRM is similar to that of transoral laser cordectomy, but not as comparable as primary radiotherapy.
We have shown in our study that the perceptual voice quality of subjects that underwent radiotherapy was better than those that underwent endoscopic or transoral laser cordectomy. A possible reason for this is that ECRM surgery and transoral laser cordectomy in T1a tumors correspond to type 3 cordectomy (transmuscular cordectomy) according to the ELS classification. Poorer voice quality after greater resections has been previously reported by some authors (9, 10) . In a recent, and first, randomized study, Aaltonen et al. (11) have shown that the overall voice quality achieved by transoral laser cordectomy and radiotherapy was roughly similar after treatments, however patients treated with radiotherapy had less breathy voice.
When comparing parameters of aerodynamic voice analysis between the three groups in our study, we have shown that maximum phonation time was significantly longer in subjects undergoing radiotherapy. In their meta-analysis, Abdurehim et al. (2) have compared laser cordectomy and radiotherapy in terms of maximum phonation time, and found no statistically significant difference, but an obvious trend toward in favor of radiotherapy.
In our study, there was no significant difference between patients treated with ECRM or transoral laser cordectomy and those treated with radiotherapy with respect to mean fundamental frequencies (F 0 in Hertz [Hz]), percentage of jitter, and percentage of shimmer. Results of a previous meta-analysis in the subgroup of F 0 were reported to be in favor of radiotherapy (2) . With respect to jitter and shimmer, the overall pooled results in the same meta-analysis showed no significant difference with laser cordectomy, but there was a slight trend in favor of radiotherapy (2).
In the literature, many studies are reported to have compared sound quality after endoscopic laser surgery or radiotherapy. In their meta-analysis, Abdurehim et al. (2) report no significant differences between the acoustic analysis parameters of patients treated with both endoscopic laser surgery and radiotherapy, but larynx preservation rate was significantly higher in patients initially treated with endoscopic laser cordectomy. Another recent systematic review (12) has indicated that greater resections with laser clearly showed poorer voice quality than those in lesser resections.
Endoscopic cordectomy using radiofrequency microdissection has been defined by Basterra et al. (5) (13) , the microelectrode device is very simple to handle, and the system is familiar to surgical teams. The cost of the equipment and the microelectrode is overwhelmingly low. Radiotherapy, on the other hand, has always been another treatment choice for our patients. Good local control rates and functional outcomes have been achieved with this therapy; however, the tumor-free laryngeal structures are also exposed to radiation have always been a matter of concern (14). Narayana et al. (15) (14, 16 ). Another major disadvantage of radiotherapy is that the duration of the treatment is longer. Type 3 cordectomy using radiofrequency microelectrodes resulted in a poorer voice quality than radiotherapy; however, it should be kept in mind that ECRM is a highly focused treatment for a clinical target volume, while conventional radiotherapy affects both the vocal cords and the other surrounding structures. The cost and duration of radiotherapy is also significantly higher than ECRM.
Our study has some limitations. As stated in the methods section, the choice between the three treatment modalities was not randomized but depended on the preference of the surgeon or the patient, and the availability of radiofrequency electrodes. We should also note that since we were not able to evaluate the patients' subjective and objective measurements preoperatively, a comparison between the groups in terms of the amount of post-treatment change in these parameters was not possible.
Conclusion
The results of our study revealed that maximum phonation time after radiotherapy treatment is longer than those of ECRM and transoral laser cordectomy. Percent jitter, percent shimmer, and fundamental frequency (F 0 ) after radiotherapy were significantly different than those of ECRM and transoral laser cordectomy. Furthermore, the ECRM group had lower costs and shorter hospital stay times than the other treatment modalities. According to these findings, ECRM seems to be advantageous because of the lower cost of treatment and hospitalization period in patients with early stage laryngeal cancer. Nevertheless, radiotherapy appears to be a more suitable treatment option in patients where sound quality is more important. 
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